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removal, destruction, or mutation of bases; destruction of deoxyribose
residues; and breakage of DNA chains. Such damage, which is common
with exposure to ionizing radiation, is also corrected by excision repair,
but an array of specific enzymes different from those employed in the
classical mechanism is used (Li82). These mechanisms are much faster,
but less accurate, so residual mutation is more likely. DNA chain breaks
are, of course, associated with all chromatid and chromosome breaks.
The dose-response curves for single-strand and double-strand breaks may
both be linear with x rays, apparently because the former are caused by
single ionizations and the latter are caused by the dense tails of ionization
tracks. Most chain breaks are repaired following modification of the break
termini, filling the defect with polymerase activity and ligation. It may be
that the same ligase can function in both slow and fast repair processes.
It has recently been reported that ligase deficiency is a feature of Bloom's
syndrome (Ch87, Wi87). This would explain the propensity for chromosome
breakage and aberration found in patients with that syndrome. It would
also explain the increased mutation rate that has been reported in vitro
(Vi83) and recently in vivo (La89).

An important kind of damage to DNA, and one frequently produced
by ionizing radiation, is removal of a base, with the formation of an apurinic
or an apyrimidinic (AP) site (Li82). This damage can be repaired by an AP
endonuclease that excises the remaining deoxyribose phosphate. There are
reports that some cases of xeroderma pigmentosum and ataxia telangiectasia
may have reduced AP endonuclease activity. After the creation of AP sites,
the AP site itself can be mutagenic if the sites are not removed by AP
endonuclease. During the next round of cell division, DNA polymerase
may copy past the AP site by inserting a purine, usually adenine, without
regard to what is present opposite the site in the other strand. This kind
of repair is obviously prone to error.

Alterations in DNA caused by deamination of cytosine or adenine
and by disruption of purine or pyrimidine rings can also be repaired. The
mismatched or degraded base is removed by one of several specific glyco-
sylases, enzymes that are relatively abundant and rapidly acting, leaving an
AP site, which is then handled by AP endonuclease as noted above (Li82).
While genetic defects in these enzymes are not known in humans, bacterial
mutants lacking uracil glycosylase show considerably altered mutation rates.

One other alteration in DNA is processed in a unique way. As noted
earlier, methylation of guanine (of an oxygen atom at position 6) may occur
under physiological conditions, but it is also produced by certain alkylating
agents. An unusual enzyme has been discovered that removes this methyl
group and transfers it to a cysteine residue of the enzyme itself, restoring
the DNA to its normal configuration, but inactivating the enzyme in the
process (Ha83). This methyl transferase is literally a suicide enzyme; in